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SPECTRAL WA VE MODELING: EXTENDED STUDY OF THE EFFECTS OF 
SAND MINING ON THE WA VE REGIME AT SANDBRIDGE, VIRGINIA 
Comparison of Results using a Phase-resolving and- a Phase-averaging Spectral 
Wave Model (REF/DIF S and SW AN) - John D. Boon and Sung Chan Kim 
Introduction 
In an earlier report (Boon, 1998), findings were presented from a wave modeling study 
whose purpose was to investigate the effects of sand mining on the nearshore wave regime at 
Sandbridge, Virginia (Fig . 1). Using a phase-resolving spectral wave model, REF/DIF S (Kirby 
and Ozkan, 1992), a representative set of hypothetical storm waves was propagated across a 20 
km section of the inner shelf from approximately the 20 m depth contour offshore to the 11 m 
depth contour inshore . Subsequent simulations were then made that tested local effects of 
shoaling and refraction on wave heights within a fine-scale subgrid extending from Sandbridge 
Shoal near the 10 m depth contour to the surf zone immediately in front of Sand bridge (Fig. 1 ). 
Two test cases were used: 
Case 1 - Existing bottom configuration based on pre-1998 charted depths, 
Case 2- Bottom with uniform removal of bed material to a depth of3 meters below grade 
within a designated borrow area on Sandbridge Shoal . 
Analysis of various runs for these two cases indicated that only slight changes (0.5 meters or 
less) in H., the significant wave height (equivalent to Hmo, the zero-moment wave height), could 
be expected in the vicinity of a designated borrow site area located within the subgrid . Results of 
the testing with REF/DIF S suggested that a cone-shaped region between the borrow site and the 
surf zone (a distance of about 4 km) would experience a decrease in significant wave height 
ranging between 0.0 and 0.5 meters . 
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Sand Mining Borrow Areas 
Detailed site information was received for two adjacent borrow areas located on a 
nearshore ridge formation known as Sandbridge Shoal (Appendix A, Plates 1 and 2) . One of 
these areas, designated borrow site "A" by Federal authorities, was dredged in mid-1996 to yield 
approximately 810,000 cubic yards (619,000 cu. m.) of beach nourishment material for the U.S . 
Navy's Fleet Combat Training Center at Dam Neck, Virginia . It was anticipated that an 
additional 1.3 million cubic yards (994,000 cu. m.) of material would be extracted from borrow 
area "A" or a nearby second site designated borrow site "B" . This material was intended for 
restoration of Sand bridge Beach to the south of Dam Neck . Approximately 500,000 cubic yards 
(383,000 cu. m.) of material is to be removed at two year intervals in the future . Borrow area "A" 
has an irregular plan-view area of approximately 2.4 million square meters and borrow area "B" 
occupies an area of about 2.1 million square meters. 
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Figure 1. Virginia Beach - Sandbridge Reference Grid. 
The results of the case testing referred to above appear quite reasonable within the 
subgrid region . However, the simulated wave height distributions in the larger domain between 
20-meter and 8-meter depths appear more complex . Questions arose over the accuracy of the 
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predictions in certain narrow, finger-like bands wherein the significant wave height often 
exceeded that of the adjacent areas by 1 meter or more (e.g., Boon, 1998, Plate 3, appendix A). 
To compare overall accuracy, and to verify these features in particular, a second spectral wave 
model was run using the same bathymetric grid and storm wave characteristics used with the 
Ref/DIF S model in the 1998 study. The second model used for the present study is the SW AN 
wave model for shallow water developed at the Delft Hydraulics Laboratory in the Netherlands 
(Booij et al., 1996). 
Comparison of SW AN and REF/DIF S Wave Models 
Kaihatu et al. (1998) investigated phase-resolving numerical wave models that treat the 
wave field deterministically by tracing the free surface evolution. Among the models tested was 
the REF/DIFl model (Kirby and Dalrymple, 1994). The results showed an accurate description 
of monochromatic swell propagation over highly variable bathymetry . They also pointed to the 
need to model irregular wave fields in multi-component fashion, a feature of the more advanced 
spectral wave mode~ REF/DIF-S (Kirby and Ozkan, 1992). Most studies of the potential impact 
of dredging on local wave climates have been based on the phase-resolving models including 
RCPW A VE (Ebersole et al., 1986). This was justified because the complicated bathymetry 
involved in these studies implied a significant role for wave diffraction which is included in the 
phase-resolving models . 
Unlike phase-resolving models, phase-averaged wave models focus on the source terms 
in the wave energy equation and develop a spatially-dependent description of the wave energy 
spectrum within the model domain. Rather than being deterministic, or formula-based, these 
models are stochastic in nature and deal with the statistical distribution of wave energy, E, and 
the corresponding zero-moment wave height, Hmo = 4 ./£, as a function of frequency and 
direction (Goda, 1985). Principal Wave Direction (PWD) in the directional spectrum is given in 
lieu of individual wave direction . Likewise, Peak Spectral Period (Tp) is specified in place of an 
individual wave period . 
The SW AN model (Booij et al., 1996) is a phase-averaged model specifically designed 
for shallow water waves . It deals with source terms such as wind energy transfer, white-capping, 
wave breaking, bottom friction, and wave-wave interaction . At present, neither REF/DIF S nor 
any other phase-resolving model has attempted to simulate wave-wave interaction . The SW AN 
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model thus is considered more ideal in terms of its representation of the physics of multi-
component waves in shallow water . However, the propagation mechanism in the SW AN model 
is considered to be incomplete because, in principle, it is a ray tracing mechanism and cannot 
resolve diffraction (Kaihatu et al., 1998) . Wave diffraction is likely to be an important 
mechanism for energy transfer when waves pass through openings or encounter large gradients 
in wave height in the lee of a shoal or emergent structure . Table 1 summarizes the comparisons 
that have been made to date and identifies -some of the distinguishing characteristics of phase-
resolving and phase-averaged models . 
Phase-averaged Phase-resolving 
Models SW AN, W AM, STW A VE REF/DIFl, REF/DIF-S, RCPWAVE 
Wave field Stochastic deterministic 
Ray tracing (no diffraction Tracing the wave 
Wave propagation evolution over the - only as diffusion in the domain source) (refraction/diffraction) 
Source terms Near complete (wind-wave Limited (no wind-wave generation) generation) 
Table 1. Comparisons between phase-averaged and phase resolving models 
With this caveat (lacking the ability of resolving diffraction), the potential of the SW AN 
model for use in shallow water wave studies, especially those involving dredging operations, is 
considered high . In this study, we duplicated the simulation of significant wave height 
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distributions, before and after dredging, previously done with the REF/DIF S model (Boon, 
1998). 
SW AN Model Description 
In the SW AN model, the action density spectrum, N, instead of the energy density 
spectrum, E, is considered . The action density is defined as the energy density divided by the 
relative frequency, u, 
N(u,0)=E(u,0)/u (1) 
In a Cartesean coordinate, the spectral action balance equation is written as 
The first term in the left-hand side of the equation is the time rate of action density change . The 
other terms in the left-hand side are propagation terms : ~c)v and ~cYN are for the a,; oy 
propagation in x- and y-directions, respectively. The term ~ccrN represents shifting of the au 
a relative frequency due to variations in depths and currents . The term - c9 N represents a0 
refraction. Following linear wave theory, the propagation speeds are expressed as 
C =-=- 1+--- _ x +U dx 1 [ 2kd ]ak 
" d1 2 sinh 2kd k2 " (3) 
c = dy=.!.[1+ 2kd ]aky+U 
Y dt 2 sinh 2kd k 2 Y 
(4) 
C =du = au[od +uvd]-c k au 
CT dt od Of - I - & (5) 
Ca = d0 = _ _!_[au od +k au] 
dt k odom - a,,, (6) 
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Table 2 tabulates the source terms in the right-hand side of the equation (2) . 
Source terms Formulation 
Wind input Sin( cr,0)=A+B£( cr,0) 
Whitecapping Sbr( cr,0)=-rS(k/k)E( cr,0) 
Bottom friction Sc1s,b( cr,0)=-Cb cr2/sinh2(kd)E( cr,0)dcrd0 
Wave breaking Sc1s,br( cr,0)=-o:QSH 2£( cr,0)/(87tEt~) 
Nonlinear interaction ( quadraplet/triad) 
Table 2 . Formulations of source terms 
SW AN Modd Simulations for Virgini2 Beach - Sandbridge 
The original model grid [20 km in x (shore-normal) and 24 km in y (shore-parallel)] used 
for REF/DIF S (Fig . 1) was extended 8 km to the south in the positive y-direction in order to 
minimize the boundary effect. The same nested or subgrid configuration (8 km in x- and 6 km in 
y-direction; with t,.x = 25 m and 6y = 62.5 m) was utilized . The offshore wave condition was 
given using the JONSW AP spectrum and expected storm wave parameters derived from Hubertz 
et al {1993) . A total of8 cases were simulated as shown in Table 3 where Tp is the peak 
spectral wave period and Hmo is the zero-moment wave height. 
Tp 10 s 12 s 14 s 16 s 
Hmo 
4.5 m NE NE 
5.Sm E E E 
6.5m E E E 
Table 3. Simulations . The direction or E represents the 
principal direction of wave propagation from offshore . 
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Comparison of SW AN and REF/DIF S Model Results 
1. Comparisons using Hypothetical Equilibrium Shoreface and +3m Mound 
As previously noted in the REF/DIF S model results (e.g., Boon, 1998, Appendix B, Plate 3), 
that model indicates a small increase in Hmo wave height along the flanlcs and immediately 
landward of the hypothetical test mound . The results using the SW AN model (Appendix B, 
Plat e 1) for the same bathymetry show a similar pattern of landward increase in wave height 
for input storm waves between Hmo = 4 m and Hmo = Sm, but less pronounced and even 
somewhat reversed changes for the largest input storm waves (Hmo = 7 m). One notices 
overall that the field of Hmo wave heights predicted by the SW AN model is much smoother , 
showing a gradual variation in wave height as compared to the more abrupt and finger-like 
gradients predicted by REF/DIF S. 
2. Comp risons using Actual Shoreline Bathymetry including Dredged Borrow Area "A" 
The actual bathymetry underlying the 20 x 24 km model grid for Virginia Beach and 
Sandbridge (Plate 1, Appendix A) is considerably more complex than the idealized, straight 
shoreline situation depicted above ( Plate 3, Appendix A). In part, this is due to the close 
proximity of the site to the Chesapeake Bay entrance where shoal massifs have formed in 
response to an associated disruption of coastwise littoral drift pathways . Given this situation, 
it may be reasonable to ask whether various wave transformation processes that occur in the 
zone leading up to Sandbridge Shoal differ in terms of their simulation by one wave model 
versus another . For the SW AN model, the lesser storm waves from the east with Hmo = 5.5 
m and Tp = 12, 14, 16 s beginning 20 km offshore show very slight attenuation in the wave 
heights reaching the fine grid at 8 km from shore (Plates 1 and 2, Appendix C). However, the 
larger storm waves from the east with Hmo = 6.5 m and the same peak periods show a 
decrease of about 1 m or 15 % over the same distance (Plates 2 and 3, Appendix C). This is 
roughly the same result obtained using REF/DIF S after allowing for more local variation 
predicted by the latter in finger-like patterns at the 8 km distance (cf, Boon, 1998, Appendix 
C, Plates 3 and 5). Surprisingly, the smaller storm waves tested from the northeast using 
SW AN also exhibit finger-like wave height variations on the order of 1 m running parallel to 
the principal wave direction (Plate 4, Appendix C). 
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Comparing the predicted Hmo wave heights in the vicinity of the -3 rn dredged area on 
Sandbridge Shoal (Borrow Area "A" in Plates 1 - 4, Appendix C ) , SW AN clearly predicts a 
significant decrease in wave height (about 1 m) going shoreward from the northwest comer 
of the borrow area . The effect varies only slightly as a function of wave height and period 
but changes orientation with the tested change in wave direction (Plate 4, Appendix C). 
Plates 1 - 4, Appendix D, show the percent change in Hmo wave height for the conditions 
tested using SW AN. The color graphics used show that, although the SW AN model predicts 
a much smoother pattern of change than REF/DIF S, the former is nevertheless capable of 
portraying these changes in considerable detail at the scale of the feature being investigated 
(tens of meters) . Moreover , these patterns are consistent with the physics of wave 
transformation including wave breaking. Plate 1, Appendix C, for example depicts a narrow 
zone of probable wave breaking along the northern edge of the borrow area . This is 
realistically matched with a broad lobe of sharply decreased wave height in the down wave 
direction . 
Conclusions 
The SW AN spectral wave model gives results generally comparable to those of the REF/DIF 
S model when comparing Hmo wave heights for storm waves propagating across the inner 
shoreface ( depths from about 20 m to about 11 m) adjacent to Virginia Beach and 
Sandbridge, Virginia. Due to its phase-averaging process, SW AN produces smoother 
patterns of change in wave height compared to the REF/DIF S model, although for certain 
principal wave directions, both models demonstrate a finger-like pattern of variation with the 
crests of the fingers aligned roughly parallel to the direction of wave advance . However , 
when examining local change in predicted Hmo wave height; e.g ., at the scale of shoal 
features measuring tens of meters across, the SW AN model appears superior in terms of its 
ability to resolve plausible patterns consistent with expected wave dynamics . Decreases in 
wave height landward of the borrow area on Sand bridge Shoal, in response to dredging to the 
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REF/DIF S WA VE MODEL BATHYMETRY 
Bathymetry developed for REF/DIF S and the Virginia Beach - Sandbridge 
reference grid consists of a matrix of water depths corresponding to the array 
of regularly-spaced grid intersection points covering the model domain . 
Actual water depths relative to mean lower low water were obtained from 
NOAA hydrographic surveys. In addition, a hypothetical Equilibrium 
horeface Surface (E ) was develop d for testing purpo e using h( ,y) = 
Ax m with A=0.39 , m=0.4 . In some of these tests , an underwater mound was 
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Plate 3. Equilibrium Shoreface Surface, Sandbridge Shoal subgrid . 
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APPENDIXB 
SW AN Wave Model Test Results 
Hmo Wave Heights on Equilibrium Shoreface 
Te t run made u ing the hypothetical Equilibrium Shoreface urface, 
h( ,y) = A m with A=0.39, m =0.4 for the Virginia Beach - Sandbridge 
reference grid (Boon, 1998). Tests include four elected run with an 
underwater mound placed on the synthesized shoreface at a distance of 
5 km from bore. 
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Plate 1. Model runs showing effect of+ 3 m test mound placed on hypothetical 








SW AN Wave Model Test Results 
Distribution ofHmo Wave Heights 
Te t runs made using the actual shoreface bathymetry for the Virginia 
Beach - Sandbridge reference grid (Boon, 1998). Tests include eight 
elected runs showing the distribution of zero-moment wave height, 
Hmo, within the Sandbridge Subgrid, including the area of dredging 
(borrow area A) on Sandbridge Shoal. 
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Plate 1. Predicted Hmo for directional wave spectrum ; Principal wave direction = 090 
(waves from the east), Hmo = 5.5 m, Tp = 12 s (upper panel) and Hrno = 5.5 m, 
Tp = 14 s (lower panel) . Dashed line shows Borrow Area "A" dredged to -3 m. 
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Plate 2. Predicted Hmo for directional wave spectrum ; Principal wave direction = 090 
(waves from the east) , Hmo = 5.5 m, Tp = 16 s (upper panel) , and Hmo = 6.5 m, 
Tp = 12 s (lower panel) . Dashed line shows Borrow Area "A" dredged to -3 m. 
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Plate 3. Predicted Hmo for directional wave spectrum~ Principal wave direction = 090 
(waves from the east), Hmo = 6 5 m, Tp = 14 s (upper panel), and Hmo = 6.5 m, 
Tp = 16 s (lower panel). Dashed line shows Borrow Area "A" dredged to -3 m. 
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Plate 4. Hmo heights for directional wave spectrum; Principal wave direction= 045 
(waves from northeast), Hmo = 4.5 m, Tp = 10 s (upper panel), and Hmo =4.5 m, 
Tp = 12 s (lower panel) . Dashed line shows Borrow Area "A" dredged to -3 m. 
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APPENDIXD 
SW AN Wave Model Test Results 
Percent Change in Hmo Wave Heights 
Due to Dredging in Borrow Area "A" 
Te t run made using the actual shoreface bathymetry for the Virginia 
Beach - Sandbridge reference grid (Boon, 1998). Tests include eight 
selected runs showing the percent change in zero-moment wave height, 
Hmo, within the Sandbridge Subgrid as a re ult of dredging to -3 min 
Borrow Area "A" on Sandbridge Shoal. 
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Plate 1. Predicted change in Hmo wave heights~ principal wave direction= 090 (waves 
from east), Hrna= 5.5 rn, Tp = 12 s (upper panel), and Hrna= 5.5 m, Tp = 14 s 
(lower panel). Dashed line shows Borrow Area "A" dredged to -3 m. 
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Plate 2. Predicted change in Hmo wave heights ; principal wave direction = 090 (waves 
from east) , Hmo = 5.5 m, Tp = 16 s (upper panel), and Hmo = 6.5 m, Tp = 12 s 
(lower panel). Dashed line shows Borro w Area "A" dredged to -3 m. 
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Plate 3. Predicted change in Hmo wave heights; Principal wave direction= 090 (waves 
from east), Hmo = 6.5 rn, Tp = 14 s (upper panel), and Hmo = 6.5 m, Tp = 16 s 
(lower panel) . Dashed line shows Borrow Area 11A11 dredged to -3m. 
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Plate 4. Predicted change in Hmo wave heights ; Principal wave direction = 045 (waves 
from northeast) , Hmo = 4.5 m., Tp = 10 s (upper panel) , and Hmo = 4.5 m, Tp = 
12 s (lower panel) . Dashed line shows Borrow Area "A" dredged to -3m. 
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